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Abstract
Recently, Computer algebra system (CAS) such as Maple, Mathematica is gaining its popularity
in various fields of science, education and engineering. Symbolic computation, one of their features,
provides us new applications of computer systems that conventional numerical packages can not. Con-
trol engineering, where unknown parameters play important roles as design parameters and uncertain
indeterminates, has a lot of such applications.
In this paper, we define ‘boundary polynomial’ and show its applications to the stability analysis
of a control system. Given a system with a parameter $k$ , roughly speaking, boundary polynomial
is a polynomial of $k$ that vanishes when the system is on the verge of instability. The boundary
polynomial has a close relationship with well-known ‘Hurwitz criterion’ for the stability analysis, and
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1 $k$ $A$ $g(k)$
$A$ $\Rightarrow g(k)=0$ (2)
$A$
$g(k)$ $\alpha_{1},$ $\cdots,$ $\alpha_{m}(\alpha_{1}<\cdots<\alpha_{m})$ $g(k)$ $\alpha_{j}<k<\alpha_{j+1}$
$k$ $A$
$k=\alpha_{1}-1,$ $\frac{\alpha_{1}+\alpha_{2}}{2},$ $\cdots,$ $\frac{\alpha_{m-1}+\alpha_{m}}{2},$ $\alpha_{m}+1$
$A$ $A$
$k= \frac{\alpha_{r_{1}}+\alpha_{r_{1}+1}}{2}$ , $\cdot\cdot\cdot$ , $\frac{\alpha_{r_{p}}+\alpha_{r_{p}+1}}{2},$ $\alpha_{m}+1$
$A$ $\{\alpha_{r_{1}},$ $\alpha_{r_{1}+1}\rangle\cup\cdots\langle\alpha_{r_{p}},$ $\alpha_{r_{p}+1}\rangle\cup\langle\alpha_{m},$ $\infty\rangle$
$A$
$f(s)=Det(sI-A)=s^{n}+f_{n-1}s^{n-1}+\cdots+fis+fo$ ( $f_{j}$ $k$ ) (3)
$A$ $\alpha$ $f(\alpha i)=0$ $f(\alpha i)$
${\rm Re}(f(\alpha i))=0,$ ${\rm Im}(f(\alpha i))=0$ $\alpha$ $k$
(7) $g(k)$
Hurwitz




$f_{-n+6}f_{-n+7}f_{-n+5}f_{-n+4}f_{-n+3}fo]$ ( $i<0$ $f_{j}=0$ ) (4)
$\Delta_{j}(j=1, \cdots, n)$ $H$ $j\cross j$
$\Delta_{1}=f_{n-1},$ $\Delta_{2}=Det(\{\begin{array}{ll}f_{n-1} f_{n-3}f_{n} f_{n-2}\end{array}\}),$ $\cdots,$ $\triangle_{n}=Det(H)$ (5)
(1) $\Delta_{j}>0(j=1, \cdots,n)$
$Hurwitz$ $h(k)=$ Sqf $( \prod_{j=1}^{n}(\Delta_{j))}$ ( $Sqf(h(k))$ $h(k)$
$)$ $h(k)$
${\rm Re}(f(\alpha i))=$ O, Im $(f(\alpha i))=0$
$g(k)$ $g(k)=Sqf(\triangle_{n})$
125
2 $g(k),$ $h(k)$ $g(k)$ $h(k)$ ( )
$A$
$A=\{\begin{array}{lllll}0 l 0 0 0 1 -1 -k -2 -3k -4\end{array}\}$ (6)
$\Delta_{j}$
$\Delta_{1}=3k+4$ , $\Delta_{2}=Det(\{\begin{array}{llll}3k +4 1 1 k +2\end{array}\})=(3k+7)(k+1)$, $\Delta_{3}=Det(H)=(3k+7)(k+1)$
$h(k)=(3k+7)(3k+4)(k+1),$ $g(k)=(3k+7)(k+1)$
$g(k)$ $g(k)=0$ $- \frac{7}{3},$ $-1$







$\langle-1,$ $\infty\rangle$ $g(k)<0$ $g(k)<0 \Leftrightarrow k\in\langle-\frac{7}{3},$ $-1\rangle$
$g(k)>0$ $g(k)>0\Leftrightarrow k\in(-\infty,$ $- \frac{7}{3}\rangle\cup\langle-1,$ $\infty\rangle$
3
$x(k+1)=Ax(k)$
$A$ 1 ( )
2 $k$ $A$ $g(k)$
$A$ $\Rightarrow g(k)=0$ (7)
$f(s)$ $A$ $f(x+iy)=0,$ $x^{2}+y^{2}=1$
${\rm Re}(f(x+iy))=$ O, Im$(f(x+iy))=0,$ $x^{2}+y^{2}=1$ (8)
$x,$ $y$
$A$








$b_{0}>0,$ $c_{0}<0,$ $d_{0}<0$ (11)
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